Systemic and hemodynamic effects of nisoldipine, administered as a 4.5pg/kg intravenous bolus over 3 minutes followed immediately by an infusion of 0.2 pg/kg/min over 30 minutes, were studied in 13 patients undergoing diagnostic catheterization for suspected coronary artery disease or follow-up catheterization after coronary angioplasty. Responses to the drug tended to be exaggerated in the first 8 minutes of the infusion, but thereafter produced a steady state, with heart rate increased by 14 f 3% at 18 minutes and by 15 f 3% at 24 minutes (p <0.05), mean aortic pressure decreased 12 f 2 % and 13 f 3% at the same times (p <0.05) and coronary venous blood flow increased by 31 f 5% and 34 f 8% (p <0.05). Myocardial oxygen consumption and the heart ratesystolic aortic pressure product were unchanged and cardiac output and stroke volume were significantly increased. Study during matched coronary sinus pacing produced similar trends. Nisoldipine is a potent coronary and peripheral vasodilator that maintains an increase in myocardial oxygen supply in excess of demand when given as an intravenous infusion.
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(Am J Cardiol 1988;58:1204-1208) 0 f calcium channel blocking agents, dihydropyridine derivates form a distinct subgroup with an overall hemodynamic effect dominated by vasodilation. Nisoldipine, an ester-substituted analog of nifedipine [ Fig. l) , exhibits greater smooth muscle selectivity than the parent compound, resulting in more potency as a vasodilator with fewer myocardial depressant effects1 Electrophysiologic effects appear to be minimal at concentrations producing vascular changes2J Intravenous nisoldipine administered as a bolus has been studied in humans with suspected coronary artery disease and was found to produce coronary and peripheral vasodilation and to be free of major negative inotropit effects.4z5 An increase in coronary blood flow in excess of myocardial oxygen demand was consistently found, and such changes persisted for 20 minutes after acute administration.6 Clinical usefulness for paren-teral nisoldipine remains to be confirmed, but extrapolation of these studies to disease states suggests that it may be of value in treatment of unstable angina or hypertensive crises. The present study investigates the coronary and systemic effects of nisoldipine given as an intravenous infusion over a 30-minute study period.
Methods
Thirteen patients (10 men, 3 women) with suspected coronary artery disease or undergoing a follow-up study after coronary angioplasty were studied at the time of cardiac catheterization, All cardioactive medications except for P-adrenergic blocking drugs when used and sublingual nitroglycerin as needed were discontinued at least 24 hours previously. Any P-blocking drug was continued in the dosage prescribed by the referring physician. Mean age was 55 years (range 46 to 63). The study protocol was performed before coronary angiography and left ventriculography with the patient fasting and without premeditation. No patient required sublingual nitroglycerin in the 12 hours preceding study. A Webster 7Fr continuous thermodilution catheter was inserted into the coronary sinus using a right antecubital approach in 12 patients and a right femoral venous route in 1 patient. A stable position Time (hr) = time in hours between last intake of P-blocking drug and study. AMI = acute myocardial infarction; CAD = coronary artery disease; EF = left ventricular ejection fraction, was achieved and verified by an initial 3-ml contrast injection and subsequent repeated fluoroscopy. Coronary venous blood flow was assessed by thermodilution and the catheter allowed sampling of coronary venous blood for oxygen saturation analysis and cardiac pacing. A Swan-Ganz thermodilution catheter was positioned with the tip at the bifurcation of the main pulmonary artery for cardiac output determination and a 7Fr pigtail catheter was positioned in the ascend- ing aorta for pressure measurements and arterial blood sampling. Baseline measurements were taken during both spontaneous heart rate and coronary venous pacing at a rate approximately 20 beats/min above spontaneous rate. In sequence were measured, aortic and coronary venous oxygen saturations, coronary venous blood flow, aortic pressure and cardiac output. Heart rate was determined from continuous electrocardiographic monitoring. Nisoldipine, 4.5 pg/kg, was given as a bolus over 3 minutes through the distal Swan-Ganz catheter lumen and followed immediately by an infusion of 0.2 pg/kg/min over a 3O-minute study period. Care was taken to minimize nisoldipine exposure to light. At times 0, 8 and 16 minutes after the bolus of nisoldipine, oxygen saturations and coronary blood flow were determined. At 24 minutes after the bolus, oxygen saturations, coronary blood flow and cardiac output were determined during spontaneous heart rate and at a paced heart rate identical to that chosen for the control measurements. Aortic pressures were recorded at %minute intervals during the nisoldipine infusion, blood for nisoldipine levels taken before and 0,8,16 and 24 minutes after the bolus and hemoglobin concentration determined before and after the study. Calculated parameters of aortic and coronary sinus oxygen contents were given by hemoglobin (g/100 ml) X oxygen saturation X 1.36, myocardial oxygen consumption by coronary venous blood flow X aortocoronary sinus oxygen difference and peripheral vascular resistance as the quotient of mean aortic pressure and cardiac output. Coronary vascular resistance was given as the quotient of mean aortic pressure and coronary blood flow. At the completion of the study coronary and left ventricular angiographic examinations were performed using standard techniques. Left ventricular ejection fractions were calculated from the right anterior oblique proj ection using the area-length formula of Dodge.
Statistical analysis: Values reported are mean f standard error of the mean, using &way analysis of variance [Duncan new multiple-range test) for repeated measurements. When overall significance was found, multiple comparisons were used to delineate which paired comparisons were significantly different at the 0.05 level.
Results
Five of the I3 patients were taking/3-blocking drugs at the time of study. Nine had significant coronary artery disease, defined as at least 50% luminal diameter narrowing in a major coronary artery, and mean ejection fraction was 0.63 (range 0.43 to 0.78). There was no significant difference in hemoglobin levels measured before and after the study. Patient clinical and angiographic data are summarized in Table I 16 and 24 minutes were 15 f 2%,11 f 2%,12 f 2% and 13 f 3%, respectively (all p <O.O5) (Fig. 2) . Cardiac output increased from 5. increase due in part to the heart rate change but also to a I3 f 5% increase in stroke volume (p <O.O5 
Discussion
The peripheral vasodilatory action of the dihydropyridines in reducing left ventricular afterload, when combined with reflex adrenergic stimulation',* serve to increase cardiac output and mask the intrinsic negative inotropic effects of these compounds apparent in in vitro experiments9 and during intracoronary administration.1° Reflex adrenergic stimulation may produce Changes induced by nisoldipine infusion on various parameters during matched coronary sinus pacing. AO = aortic pressure: CO = cardiac output; CVBF = coronary venous blood flow; CVR = coronary vascular resistance; HR = heart rate; MVO, = myocardial oxygen consumption; NS = not significant; SV = stroke volume; SVR = systemic vascular resistance.
an oxygen-wasting effect by increasing inotropic state, as suggested by the increases in calculated myocardial consumption at 0 and 8 minutes after the nisoldipine bolus (p = 0.07 and p = 0.06, respectively). The heart rate-systolic aortic pressure product showed opposite trends (difference not significant [NS] ), but this estimation of myocardial oxygen demand is insensitive to changes in inotropic state. Oxygen consumption had returned to control values during infusion at 16 and 24 minutes after the bolus, and was unchanged when heart rate was fixed by matched pacing. Thus, the increase in coronary blood flow during spontaneous heart rate and matched pacing indicates increased myocardial oxygen supply in excess of demand, and these changes may be maintained in a steady state during short-term infusion of nisoldipine.
The nisoldipine infusion produced a stable increase in heart rate and decrease in aortic pressure. The increase in heart rate offsets any reduction in cardiac work secondary to reduced afterload, and this seems a reasonable rationale for combination use with a P-blocking drug for treatment of hypertension or myocardial ischemia. The 5 patients in the study group taking ,&blocking drugs had smaller increases in heart rate (11% vs 17%, NS), a slightly greater decrease in mean aortic pressure (14% vs ll%, NS) and a different trend in myocardial oxygen consumption (-5% vs +lO%, NS). In anesthetized pigs, the responses to nisoldipine in arterial blood pressure, cardiac output and systemic vascular resistance were unchanged by /3 blockade, but the elevations in heart rate and maximal left ventricular dP/dt were abolished,ll as was the decrease in left ventricular filling pressure, an effect of nisoldipine shown in other studies. 12 The decreases in systemic and coronaiy vascular resistances of 36% and 3l%, respectively, during spontaneous heart rate and decreases of 34% and 26% during matched pacing were of similar magnitude and did not support the proposal that nisoldipine exhibits greater coronary vascular than peripheral sensitivity. Nisoldipine has a preferential action and greater potency on vascular smooth muscle than nifedipine, so that vasodilatory changes can be obtained with less tendency to depress myocardial function. These vasodilatory effects with an absence of negative inotropic effects have formed the basis for studies investigating oral nisoldipine in patients with chronic heart failure. 13-I5 Oral nisoldipine has been shown in recent clihical trials to have antianginal propertieC-l8 in patients with stable, exercise-induced angina and in patients with variant angina, lg but the value of intravenous nisoldipine in the blinical situation awaits further evaluation. Our study has shown nisoldipine to be a potent coronaiy and peripheral vasodilator, to increase myocardial oxygen supply in excess of demand and in infusion administration, and to maintain these changes in a stable state over a 30-minute study period.
